SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a semiconductor 
device having an input protection circuit section or an 
output protection circuit section between an input/output 
terminal and an internal circuit to prevent the 
electrostatic discharge(ESD) . 

2. Description of the related Art 
a semiconductor integrated circuit device, an input 

protecti^Nurcuit section or an output protection circuit 
section (referr^d^to as an input/output protection circuit 
section, hereinaftlr>4s set between an input terminal or an 
output terminal or an outp^u^terminal (referred to as an 
input/output terminal, hereinafter) and an internal circuit 
in order to protect circuit elementN^nside from failure 
which may be brought about by an ESD orCh^like applied to 
the input/outp ut terminal 




An input/output protection circuit section itself is 
generally composed of CMOSs (Complementary Metal-Oxide- 
Semiconductor) in each of which an N-channel MOSFET (Field 
Effect Transistor) and a P-channel MOSFET are connected in 
series between the supply voltage V DD and the ground voltage 
GND. Fig. 14 is a diagram of an input protection circuit 
composed of CMOSs and Fig. 15, a diagram of an output 
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protection circuit composed of CMOSs . Now, referring to the 
drawings, an example of a conventional input protection 
circuit section composed as shown in Fig. 14 is described 
below. 

Fig. 6 is a plan view showing a conventional input 
protection circuit section composed of CMOSs and Fig. 7, a 
cross-sectional view showing the portion A-A' of Fig. 6. As 
shown in Fig. 7, on the surface of a P-type silicon 
substrate 20, an N-type well lb and a P-type well 2 is 
formed. In the region where the P-type well 2 is formed, an 
N-channel MOSFET comprising a gate electrode 6, a source 
region 3c and a drain region 3b is formed. In the periphery 
of the N-channel MOSFET formation area, a P-type dopant 
diffusion region 4a is set (Fig. 6), and thereby the 
electric potential of the P-type well 2 is defined. The P- 
type dopant diffusion region 4a and the source region 3c, 
set separated by an element isolation film 10, are both 
connected with a ground terminal 9 (GND) . The drain region 
3b is connected with an input terminal 7. 

Meanwhile, in the region where the N-type well lb is 
formed, a P-channel MOSFET comprising a gate electrode 5,' a 
source region 4c and a drain region 4b is formed. In the 
periphery of the P-channel MOSFET formation area, an N-type 
dopant diffusion region 3a is set (Fig. 6), and thereby the 
electric potential of the N-type well lb is defined. The N 
type dopant diffusion region 3a and the source region 4c, 
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set separated by an element isolation film 10, are both 
connected with a supply terminal 8 (V DD ) - The drain region 
4b is connected with an input terminal 7. 

Further, for the purpose of lowering electrical 
resistance, silicide layersl3 are formed over the surfaces 
of the source-drain regions and such, in every transistor. 

Next, operations that take place on application of an 
external surge to the input terminal 7 are described. 
Firstly, operations that the N-channel MOSFET makes when an 
external surge is applied to the input terminal 7 with a 
negative voltage with respect to the ground terminal 9 are 
described. A forward voltage is, in this instance, applied 
to the PH- junction between the drain region 3b (N-type) and 
the P-type well 2 and the PN diode is turned on in the 
forward direction so that the negatively polarized surge 
flows down from the input terminal 7, through the drain 
region 3b and the P-type well 2, to the ground terminal 9. 
Next, operations produced when an external surge is applied 
to the input terminal 7 with a positive voltage with respect 
to the ground terminal 9 are described. In this case, a 
positive voltage with respect to the P-type well of the ,M- 
channel transistor is applied to the drain. When this 
voltage exceeds a certain value, an avalanche breakdown 
takes place in the vicinity of the drain region 3b. After 
the breakdown, a current flows from the drain region 3b to 
the P-ty P e well 2 and this current leads the P-type well 2 
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to have a positive electric potential, which results in 
turning-on of an NPN parasitic bipolar transistor in which 
the drain region 3b, the P-type well 2 and the source region 
3c act as a collector, a base and an emitter, respectively. 
5 The surge, then, flows from the internal terminal 7, through 
the drain region 3b, the P-type well 2 and the source region 
3c , and consequently to the ground terminal 9 . The 
operations described above are further described with 
reference to Fig. 9. In Fig. 9, when the drain voltage 
10 reaches the breakdown. voltage V B , the breakdown takes place 
and, after that, the voltage rises, up to the trigger 
voltage V tl . Once the voltage reaches V tl , the NPN 
parasitic bipolar transistor is turned on, and the voltage 
drops to the snap-back holding voltage V s . When the current 
15 and the voltage rise again and reach the value of the 

current I t2 and the value of the voltage V t2 , respectively, 
the transistor is driven to a failure. 

While only operations of the N-channel MOSFET are 
described so far, the P-channel MOSFET operates in a similar 
20 fashion. In short, when an external surge is applied to the 
internal terminal 7 with a positive or a negative voltage 
with respect to the supply terminal 8, either the PN 
junction in the forward direction is turned on, or 
alternatively, a lateral parasitic bipolar transistor is 
25 turned on. In either way, the surge flows down to the 
supply terminal 8 and thereby the internal circuit is 
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"protected. 

However, the protection circuit section described 
above has the following problem, originating from the fact 
that V t2 (the transistor failure voltage) is lower than V tl 
5 (the trigger voltage), as seen in Fig. 9- 

The protection circuit section is normally composed of 
a plurality of transistors, and each transistor has a 
slightly different own trigger voltage of the snap-back. As 
a result, when the snap-back operation starts, it is made by 
0 not' all but only some of the transistors. However, the 

voltage of the input/output terminal, thereat, falls back to 
the snap-back holding voltage V s of these transistors, and, 
then, recovers only up to V t2 .of these transistors. With 
respect to the rest of the transistors, therefore, the snap- 
15 back operation cannot be induced, since the drain voltage 
d oes not exceed their own v tl . Xn consequence, the surge 
always flows down only to the transistors making the snap- 
back operation and leads them to failures, which lowers the 
protective capability of the protection circuit section. In 
20 recent years, with the object of reducing the parasitic 
resistance and the like, metal silicide films are often 
formed- over the surfaces of the source-drain regions of the 
transistors and such. In such a case, the surge current is 
drawn to the vicinity of metal silicide layers of low 
25 resistivity so that the above problem becomes more 
pronounced . 
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Although the above description is made, with N-channel 
transistors considered, the similar can be applied to the 
case of P-channel transistors. 

To overcome the above problem, a high-resistance 
5 ' region is often set by the side of the drain region of the 
.transistor. Fig. 10 and Fig. 11 show the protection circuit 
section disclosed in Japanese Application Laid-open No. 
X73070/1998. In this protection circuit section, an N-type 
well ic is formed by the side of a drain region 3b of an N- 
l0 channel MOSFET , and a control electrode 6a is set in order 

to define the electric potential of the N-type well 1c (Fig. 

With the N-type well resistance 14, the resistance 
between the input terminal 7 and the ground terminal 9 
increases and the relationship between the drain voltage V ds 
15 and the drain current I ds becomes the one as shown in Fig. 

12. in the drawing, the dotted line represents the profile 
of the conventional technique and the solid line, the 
profile of the protection circuit section of Fig. 11. In 
the profile of the solid line, the value of dl ds /dv ds between 
20 V S and V t2 is made smaller by the presence of the N-type well 
resistance 14, and, consequently, V t2 increases to establish 
the relationship V tl < V t2 . Under this condition, even if 
only some of the transistors are induced to make the snap- 
back operation first, the rest of the transistors are also 
25 • induced to make the snap-back operation in the similar 
fashion, as the drain voltage, after the snap-back, 
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increases from V s to V t2 , and, thus, a plurality of 
transistors all function alike. Therefore, more than 
sufficient surge-proof (ESD (Electrostatic Discharge ) -proof ) 
can be secured, without lowering protective capability 
thereof. In this way, the use of a method in which a high- 
resistance region is set can make a plurality of transistors 
operate all alike and heighten the reliability of the 
protection circuit section. Accordingly, the above method 
is widely utilized for the protection circuit sections. 

yet, this method wherein a high-resistance region is 
formed still has problems in the following points. Firstly, 
an addition of a high-resistance region lowers the driving 
capability of the protection circuit section and worsens the 
quality of high-speed operation thereof. Secondly, as the 
drain current of the transistor becomes smaller due to the 
presence of the high-resistance region, the transistor size 
required to secure a prescribed driving current in the 
output circuit or the like becomes larger. Thirdly, in 
order to dispose a resistance element between a gate and a 
contact in the drain region of the protection circuit 
section, the spacing between the gate and the drain must be 
set wider, which hinders the LSI (Large Scale-Integrated 
circuit) miniaturization. 

Meanwhile, for the arrangement of the protection 
circuit section in the LSI, a form in which a protection 
circuit section composed of complementary field effect 
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transistors is set between the supply voltage V DD and the 
g round voltage GND is generally utilized. This arranged 

and, therefore, can attain a good ESD-proof and maintain the 
quality for the protection circuit response. 

When the protection circuit section composed of 
complementary field effect transistors is employed, 
pr evention of latch-up becomes another important technical 
pr oblem. As a prevention measure of latch-up, it is well 
known that setting a dopant high-concentration region 
b eneath wells in the transistor formation area is effective 
Japanese Patent Application Laid-open No. 321150/1997). 

N evertheless, when such a structure is employed for the 
protection circuit section, although the latch-up-proof 
certainly, improves through a reduction of the shunt 
resistance, a problem of a decrease in the BSD-proof arises. 
Th e explanation lies in the fact that, with reducing the 
shunt resistance, the current amplification factor of the 
parasitic bipolar transistor decreases and this makes the 
parasitic bipolar operation difficult to induce. In effect, 
th is structure has an adverse effect, on the ..protect ion 
circuit section that makes use of parasitic bipolar 
operations. Accordingly, a technique that can improve the 
5 latch-up-proof while maintaining the ESD-proof of the 

protection circuit section has been very much waited for. 
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SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
semiconductor device that has an excellent driving 
5 capability and a good gualitv for high-speed operation, with 
ESD -proof as well as latch-up-proof amply provided, whxle 
the element size of an input/output protection circuit 
section thereof successfully reduced. 

in light of the above problems, the present invention 
10 provides a semiconductor device having an input/output 

protection circuit section on a semiconductor substrate; 
wherein: 

said input/output protection circuit section comprises 
a plurality of field effect transistors connected in 
15 parallel, each of which has a first and second diffusion 

iayers of first conductive type and a gate electrode that is 
set in the region sandwiched between these layers; and 

a dopant diffusion region of second conductive type is 
set at a distance from the region where said plurality of 
20 field effect transistors are formed; and 

while said dopant diffusion region is connected with a 

«. the second diffusion layer is connected 

reference potential, the secouu 

with an input/output terminal section; and 

under the first diffusion layer, there is formed a 
2 5 first conductive type well with a lower dopant concentration 
than the first diffusion layer. 
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Becau.e th. input/ontput ^ 
contained in . semiconductor d.vic. •« * P— * 

h ... u„d.r the first diffusion " "~ "" dUCtiV * 

w w.11 »i« . low.r dopant conc.ntr.tion than the «»t 

, aiffusion lay.r, the — l " " * 

Bi pol,r transistor that 1. composed .« a «r« - 

„ 1££ „sion i^. -a , «i~ the " 
lay «s c.„ b. r.adiiy »i— . — «- «"" > - 6aok ' -" Uy 

ln<i uc,d th.r.to. «-is enabl.s the pr.s.nt promotion 
„ circuit to ta*. a lower value of th. trigger volt. g e v tl than 
t h. conventional o„.s. m cons.^uenc th. a«ou„t of th. 
^.ction current n.c.s.ary to th. parasitic bipolar 

transistor operate can b. reduced, which lead, to a higher 
sp e.d of response. F urth.r„or. . - the condition v tl < v t2 
15 „n b. established, . plurality o £ transistor. =-*-i« «» 
protection circuit section ail operate .11*. so th.. it can 
^ prevented that th. surge flow, down only to s»e specify 
transistors. Therefor., improvement, on th. BSD-proof a. 
well as on th. reliability of th. protection circuit section 

20 can be attained. 

r „rther, th. s.»ico„ductor d.vic. described abov. has 

lh . structure in which th. second diffusion layer is 
connect.* with th. input/output t.rminal s.ction, that rs, 

^ directly connected with the 
the field effect transistor is directly 

• i apr tion in conventional techniques, 
25 input/output terminal section. 

section is often connected through 
an input/output terminal section is 
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a high-resistance region to a transistor section, as shown 
in Fig. 11. in contrast with this, the present invention 
has a structure in which an input/output terminal section 
and a transistor section are directly connected with each 
other. This allows the first conductive type well to 
demonstrate its function fully and facilitates the parasitic 
bipolar operations. Moreover, as the surge is directly 
applied to the drain without passing through a resistance, 
the response of the protection circuit becomes faster. 
Because a resistance is not passed through, with a such a 
connection, the drain current of the transistor is not 
lowered, and a sufficient driving current can be readily 
secured even in the output circuit or the like. Further, 
since no additional resistance element is disposed between a 
gate and a contact in the drain region of the protection 
circuit section, the spacing between gates can be narrowed 
and the element size of the input/output protection circuit 
section can be reduced, which is an advantage to make 
miniaturization of the LSI . Regarding the second conductive 
type dopant diffusion region, one or more regions may be 
formed for the whole of a plurality of field effect 
transistors. Further, in respect of the geometrical 
arrangement, the second conductive type dopant diffusion 
region may be formed without any specific limitation, as 
long as it is formed at a distance from the region where a 
plurality of field effect transistors are formed. For 
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instance, it: can be formed to encircle a plurality of field 
effect transistors all together like the P-type dopant 
diffusion region 4a of Fig. 1- 

in the semiconductor device described above, it is 
5 preferable to have a structure, in which the gate electrode 
and the dopant diffusion region of second conductive type 
are placed over the second conductive type well that is 
formed on the surface of the semiconductor substrate; and 
the bottom of the first conductive type well is formed at 
0 the same depth as the bottom of the second conductive type 
well or at a level deeper than the bottom of the second 
conductive type well. In other words, it is preferable that 
the gate electrode of the field effect transistor and the 
dopant diffusion region of second conductive type are formed 
15 over the second conductive type well, and the first 

conductive type well has a depth not less than the depth of 
the second conductive type well. With such a structure, 
after the breakdown of the drain section, a current flows 
through the semiconductor substrate that has a higher 
20 resistance than the second conductive well, which 

facilitates the potential of the base region of the afore- 
mentioned lateral parasitic bipolar transistor to rise and, 
therefore, makes the trigger voltage v tl lowered more 
effectively. This further improves the quality of the 
25 ' response of the protection circuit section as well as the 
ESD-proof . 
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Further, the present invention provides a 
semiconductor device having, on a semiconductor substrate, 
an input/output protection circuit section that contains a 
complementary field effect transistor; wherein: 

said complementary field effect transistor is composed 
of a first field effect transistor having a first and second 
diffusion layers of first conductive type and a gate 
electrode that is set in the region sandwiched between these 
layers and a second field effect transistor having a third 
and fourth diffusion layers of second conductive type and a 
gate electrode that is set in the region sandwiched between 

these layers; and 

a first dopant diffusion region of second conductive 
type is set at a distance from the region where said first 
5 field effect transistor is formed and a second dopant 
diffusion region of first conductive type is set at a 
distance from the region where said second field effect 
transistor is formed; and 

the first dopant diffusion region is connected with a 
,0 first reference potential; the second dopant diffusion 

region, with a second reference potential; and the second 
diffusion layer and the fourth diffusion layer are each 
connected with an input/output terminal section; and 

under the first diffusion layer, there is formed a 
25 first conductive type well with a lower dopant concentration 
than the first diffusion layer. 
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Because the input/output protection circuit section of 
this semiconductor device comprises a complementary field 
effect transistor, a surge can flow down through a plurality 
of lines efficiently so that the quality of high-speed 
operation of the protection circuit as well as the ESO-proof 
can be further improved. For the purpose of improving the 
reliability of the protection circuit, it is preferable that 
a plurality of N-channel type field effect transistors are 
provided to compose a complementary field effect transistor. 

In this semiconductor device, it is preferable to have 
a structure, in which the gate electrode of the first field 
effect transistor and the first dopant diffusion region are 
placed over the second conductive type well that is formed 
on the surface of the semiconductor substrate; and the 
bot tom of the first conductive type well is formed at the 
same depth as the bottom of the second conductive type well 
or at a level deeper than the bottom of the second 
conductive type well. In other words, it is preferable that 
the gate electrode of the first field effect transistor and 
the first dopant diffusion region are formed over the second 
conductive type well, and the first conductive type well has 
a depth not less than the depth of the second conductive 
. type well. With such a structure, after the breakdown of 
the drain section, a current flows through the semiconductor 
substrate that has a higher resistance than the second 
conductive well, which facilitates the potential of the base 
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region of the afore-mentioned lateral parasitic bipolar 
transistor to rise and, therefore, makes the trigger voltage 
V tl lowered more effectively. This further improves the 
quality of the response of the protection circuit section as 

5 well as the ESD-proof . 

Further, if this semiconductor device has, in 
addition, a structure in which, beneath the second 
conductive type well, there is set a dopant high- 
concentration region containing second conductive type 
L0 dopants with a higher dopant concentration than the second 

conductive type well; and the bottom of the first conductive 
type well is formed at the same depth as the bottom of the 
dopant high-concentration region or at a level deeper than 
the bottom of the dopant high-concentration region, a 
15 protection circuit section having a good ESD-proof, together 
with a good latch-up-proof, can be obtained. As described 
above, it is well known that setting a dopant high- 
concentration region at the bottom of the wells can reduce 
. the shunt resistance and improve the latch-up-proof. 
20 However, with reducing the shunt resistance, the current 
amplification factor of the parasitic bipolar transistor 
decreases, which makes the parasitic bipolar operations 
difficult to induce and gives rise to a problem of lowering 
the ESD-proof. The present invention, hereat, overcomes the 
25 above problem by setting a first conductive type well that 
reaches a depth equal to or deeper than that of the bottom 



- 15 - 



10 



15 



20 



25 



of the dopant high-concentration region. Fig. 3 shows an 
example with the structure described above, and an N-ty P e 
well la reaching the same depth as the dopant high- 
concentration region 16 is set therein. With such an N-type 
well la being set, after the breakdown of the drain region 
3b , a current starts flowing down through the semiconductor 
substrate 20 that has a high electric resistance. This 
facilitates the electric potential of the base region 2 of 
the lateral parasitic bipolar transistor to increase and, at 
the same time, can reduce the trigger voltage V tl so that the 
ESD- P roof may be improved. Meanwhile, in the internal 
circuit region (not shown in the drawing), because the shunt 
resistance is made smaller by the dopant high-concentration 
regions 15 and 16, the proof can be a good deal improved 
against latch-up that may occur between the input/output 
protection circuit section and the internal circuit region. 

in the present invention, it is preferable that the 
field effect transistor to which a first conductive well is 
additionally set is an N-channel type field effect 
transistor. This results from the fact that an NPN-type 
parasitic bipolar transistor has a higher current 
amplification factor and besides, high-speed operations 
thereof have a better quality than those of a PNP-type one. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic top plan view showing a 
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protection circuit section of a semiconductor device in 
accordance with the present invention. 

Fig. 2 is a schematic cross-sectional view showing the 

portion A- A' of Fig. 1. 

Fig. 3 is a schematic cross-sectional view showing a 
protection circuit section of another semiconductor device 
in accordance with the present invention. 

Fig. 4 is a diagram showing the I-V characteristic of 
a transistor in a protection circuit section of a 
semiconductor device in accordance with the present 
invention. 

Fig. 5 is a view in explaining the current path of a 
surge current in an input protection circuit section of a 
semiconductor device in accordance with the present 

3 invention. 

Fig. 6 is a schematic top plan view showing a 
protection circuit section of a conventional semiconductor 
device. 

Fig. 7 is a schematic cross-sectional view showing the 
0 portion A- A' of Fig. 6. 



qJ 7 ' Fig. ?i>^schematic cross-sectional view showing a 

nrotection circuit I^5t^ an Comparative Example 



Fig. 9 is a diagram showing the I-V characteristic of 
a transistor in a conventional protection circuit section. 
25 Fi g. 10 is a schematic top plan view showing a 

protection circuit section of another conventional 



semiconductor device. 

Fig . 11 is a schematic cross-sectional view showing 

the portion B-B' of Fig. 10- 

Fig . 12 is a diagram showing the I-V characteristic of 
5 a transistor in another conventional protection circuit 
section. 

Fi g. 13 is a view in explaining a prevention measure 

against latch-up in a CMOS . 

Fig . 14 is a diagram showing an input protection 

10 circuit. 

Fig . 15 is a diagram showing an output protection 
circuit. 

DETAILED DESCRIPTION OF THE PREFFERED EMBODYMENTS 

Keferring to Fig. 1. - «* 

mo des of the present invention are descried. The present 
m ode represents one example of the semiconductor device 
having an input/output protection circuit section that 

™nc Fia 1 is a plan view showing an input 
contains a CMOS. Fig. i v 

, rrllit sect ion in accordance with the present 
20 protection circuit section 

taction, .no Pi,. 2, . cross-section,! view showing the 

portion M - of Pi 5 . 2. » -~» m Pi,. 2. . «» ° £ "» 

^ ■ «n ai-nicture in which an N- 
present embodiment has . twin-well structure 

ty pe well lb and , P-type well 2 .re formed, .djoinin, each 
other on the surf.ce of . P-type silicon substr.te 20. The 
dop.nt co„ce„tr.tion of the »-type well lb .nd the P-type 
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^ i nxio 17 to 1.0X10 18 cm" 3 

well 2 are set, for example, to be 1.0X10 

or so Further, while the present embodiment employs the 
twin-cell structure, the semiconductor device of the present . 
invention is not limited to use such a structure and is able 
5 to utilize any of various well structures including a 
single-well and triple-well structures. 

As shown in Fig. 2, an N-channel MOSFET is formed in 
the region where the P-type well 2 is formed. The N-channel 
MOSFET comprises a gate electrode 6, a source region 3c, a 
10 drain region 3b and an extension region 12. The extension 
region 12 as used herein indicates the region where the 
dopant concentration is lower than that of the source-drain 
regions. For instance, while the dopant concentrations of 

20 

the source region 3c and the drain region 3b are 1.0 x 10 
15 cnr* or so, the dopant concentration of the extension region 
is 1.0X10 19 cm' 3 or so. Further, between the gate electrode 
6 and the substrate, there is set a gate insulating film. 
As the gate insulating film, in addition to a silicon oxide 
film, a silicon nitride film, a silicon oxynitride film or a 
20 film made of a high dielectric material such as tantalum 
oxide (Ta 2 0 5 ) may be utilized. 

in the periphery of the N-channel MOSFET formation 
area, a P-type dopant diffusion region 4a is set (Fig. 1), 
and thereby the electric potential of the P-type well 2 is 
25 defined. The P-ty P e dopant diffusion region 4a and the 

source region 3c, set separated by an element isolation film 
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10 , are both connected with a ground terminal 9 (GND) . The 
drain region 3b is connected with an input terminal 7 . 
Under the source region 3c and the element isolation film 
10, an N-type well la is formed. The dopant concentration 
of' the N-type well la is set to be lower than the dopant 
concentration of the overlying source region 3c. As the 
dopant concentration of the N-type well la, l.OXlo" to 1.0 

X10 18 cm" 3 is appropriate. 

Meanwhile, in the region where the N-type well lb is 
, formed, a P-channel MOSFET comprising a gate electrode 5, a 
source region 4c, a drain region 4b and an extension region 
U is formed. Regarding the dopant concentrations of 
respective regions, description of the gate insulating film 
and such, the same as the N-channel MOSFET can be employed 
5 to form the analogous structure. If the dopant 

concentration of the N-type well lb and the N-type well la 
are set to be the same, these wells can be formed in one and 
the same step, which is advantageous to simplify the steps 
of a manufacturing method. In the periphery of the P- 
, 0 channel MOSFET formation area, an N-type dopant diffusion 
region 3a is set (Fig. 1), and thereby the electric 
potential of the N-type well lb is defined. The N-type 
dopant diffusion region 3a and the source region 4c, set 
separated by an element isolation film 10, are both 
25 connected with a supply terminal 8 (V DD ) . The drain region 
4b is connected with an input terminal 7 . 
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Further, for the purpose of lowering the parasitic 
resistance and such, silicide layers 13 are formed over the 
surfaces of the source-drain regions- and such, in every 
transistor. The silicide layers 13 are made of a material 
5 such as titanium silicide, cobalt silicide and the like. 

Next, operations that the N-channel MOSFET makes when 
an external surge is applied through the input terminal 7 to 
the protection circuit section with the above structure are 
described. 

10 Firstly, when a negatively polarized surge with 

respect to the ground terminal 9 is applied to the input 
terminal 7, a forward voltage is applied to the PN- junction 
between the drain region 3b (N-type) and the P-type well 2 
and the PN diode is turned on in the forward direction so 
. 15 that the negatively polarized surge flows down from the 

input terminal 7, through the drain region 3b and the P-type 
well 2, to the ground terminal 9. Next, when a positively 
polarized surge with respect to the ground terminal 9 is 
applied to the input terminal 7, a positive voltage with 
20 respect to the P-type well of the N-channel transistor is 

applied to the drain. When this voltage exceeds a certain 
value, an avalanche breakdown takes place in the vicinity of 
the drain region 3b. After the breakdown, a hole current 
flows from the drain region 3b to the P-type well 2 and this 
25 current leads the P-type well 2 to have a positive electric 
potential, which results in turning-on of an NPN parasitic 
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bipolar transistor in which the drain region 3b, the P-type 
well 2 and the source region 3c act as a collector, a base 
and ah emitter, respectively. The surge, then, flows fro, 
the internal terminal 7, through the drain region 3b, the P- 
type well 2 and the source region 3c, and consequently to 
the ground terminal 9. Since the N-type well la is formed 
under the source region 3c in the present embodiment, the 
electric potential of the base region of the NPN parasitic 
bipolar transistor (the P-type well 2 under the gate 
electrode 6 in Fig. 2) becomes easily raised after the 
breakdown. This can be explained in the following way. 
Namely, because a hole current generated due to the 
breakdown starts flowing along the current path through the 
silicon substrate 20 of a high resistivity, as indicated by 
the arrow in Fig. 5, the electric potential of the base 
region of the parasitic bipolar transistor increases as much 
as the voltage drop brought about through the silicon 
substrate 20 of a high resistivity. As the potential of the 
base region of the parasitic bipolar transistor readily 
increases in this manner, the snap-back can be easily 

induced thereto. 

The operations described above are further described 
with reference to Fig. 4, In Fig. 4, when the drain voltage 
reaches the breakdown voltage V B , the breakdown takes place 
and, after that, the voltage rises up to the trigger voltage 
V tl . The value of V tl is smaller than that of the 
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conventional one, as described above. After the NPN 
parasitic bipolar transistor is turned on, the voltage drops 
to V S . Thereafter the current and the voltage rise again 
and reach the transistor failure current I t2 and the 
transistor failure voltage V t2 , respectively. As V tl is 
lowered, the condition V tl < V tZ holds. Under this 
condition, even if only some of the transistors are induced 
to make the snap-back operation first, the rest of the 
transistors can be also induced to make the snap-back 
operation in the similar fashion, as. the drain voltage, 
after the snap-back, increases from V s to V t2 . In this 
manner, in the protection circuit section of the present 
embodiment, a plurality of transistors composing the 
protection circuit section all function alike. Therefore, 
m ore than sufficient ESD-proof can be secured, without 
lowering protective capability thereof. 

in the present embodiment, the ESD-proof is increased 
without setting a high resistance region so that high-speed 
operations become possible, and the response of the 
protection circuit become faster than obtained so far. In 
addition, the drain current of the transistor is not 
lowered, and a sufficient driving current can be readily 
secured even in the output circuit or the like. Further, 
since no additional resistance element is disposed between a 
gate and a contact in the drain region of the protection 
circuit section, the spacing between gates can be narrowed 
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and t he element size of the input/output protection circuit 
section can be reduced, which is an advantage to make 

miniaturization of the LSI. 

As described above, the present invention establishes 

5 the relationship 

V tl (trigger voltage) < V t2 (transistor failure 

voltage), 

by setting an N-ty P e well la, instead of employing the 
conventional method wherein a high-resistance region is set. 
10 in other words, in place of increasing V t2 by setting a high- 
resistance region, V tl is decreased by setting an N-type well 
la and thereby the above condition is established. While 
the above relationship can be obtained solely by means of 

n i = ;t i- «; nreferable to make the 
setting an N-type well la, it is prererao 

15 difference between V t2 and V tl as large as possible so as to 
enhance the reliability of the protection circuit section. 
Especially when the structure in which silicide layers are 
set on the surfaces of the source-drain regions and such of 
the transistor is employed, failures of the transistors 
20 become more liable to happen owing to the surge gathering, 

and, therefore, increasing the difference between V t2 and V tl 
gains in importance further. In this respect, it is more 
effective if an additional arrangement described below is 
ma de. That is, (i) the gate length or the length of the 
25 gate electrode 6 as seen in Fig. 2 is set to be not greater 
than 0.2 Mm, or alternatively, (11) a first and second 
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diffusion layers (the source region 3c and the drain region 
3b in the present embodiment) are each made to have an 
extension structure. Such an arrangement together with 
setting an N-type well la produces the multiplication 
effect, and the parasitic bipolar transistor composed of the 
source region 3c, the P-ty P e well 2 under the gate electrode 
6 and the drain region 3b becomes more easily turned on so 
that V tl can be lowered with effect. The extension 
structure as used herein indicates a structure wherein 
dopant diffusion regions with a lower dopant concentration 
than the source-drain regions are set at end sections of the 
source-drain regions on the side of the channel layer, and 
this structure may be formed by oblique rotational ion 
implantation. As the dopant concentration of the extension 
region, 1.0X10 19 cm" 3 to 1.0X10 20 cm" 3 is appropriate. 

Further, although the element isolation film 10 is set 
between the source region 3c and the P-type dopant diffusion 
region 4a in the present embodiment, the source region 3c 
and the P-type dopant diffusion region 4a can be placed next 
to each other without setting this element isolation film 
therebetween. Such an arrangement can further reduce the 
size of the protection circuit section. In the conventional 
techniques, the distance between the P-type dopant diffusion 
region 4a and the channel layer of the N-channel- MOSFET is 
set considerably large, and besides, in order to increase 
the resistance therebetween, the element isolation film 10 
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described above is set therein. Without this arrangement, 
th e electric potential of the base region (the P-type 
under the gate electrode 6) of the parasitic bipolar 
transistor cannot be raised sufficiently high and it is 
difficult to bring about the snap-back. In contrast with 
this, in the present invention, with the N-type well la 
being set, the snap-back operation of the parasitic bipolar 
transistor can be readily induced, even if the distance 
between the P-type dopant diffusion region 4a and the N- 
channel MOSFET is short. Accordingly, in the case- that the 
structure of the present invention is employed, it is 
possible to dispose the source region 3c and the P-type 
dopant diffusion region 4a next to each other, without 
setting the element isolation film 10 at all. 

While an example in which the N-type well is formed in 
the N-channel MOSFET is shown in the present embodiment, a 
P _type well can be set under the source region 4c of the P- 
channel MOSFET . In this instance, however, it is preferable 
that either the P-type well is formed not so deep as the N- 
type well lb or an N-type substrate is employed therefor. 

Further, in the present embodiment, there is shown an 
. example with the protection circuit section that contains a 
CMOS structure section, but a protection circuit section 
composed of solely a plurality of MOSFETs can be employed. 
; Further, although the present embodiment is described, 

taking an input circuit protection section as an example, it 
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is to be understood that the present invention may be also 
applied to output circuit protection section. 
Examples 
Example 1 

Referring to the drawings, the present example is 
described. Fig. 1 is a plan view showing an input 
protection circuit section of the present example and Fig. 
2, a cross-sectional view showing the portion A-A' of Fig. 

As shown in Fig. 2, on the surface of a P-type silicon 
substrate 20, an N-type well lb (with a phosphorus 
concentration of 10 17 /cm 3 or so) and a P-type well 2 (with a 
boron concentration of 10 17 /cm 3 or so) is formed. In the 
region where the P-type well 2 is formed, an N-channel 
MOSFET comprising a gate electrode 6, a source region 3c, a 
drain region 3b and an extension region 11 is formed. In 
the periphery of the N-channel MOSFET formation area, a P- 
type dopant diffusion region 4a is set (Fig. 1), and thereby 
the electric potential of the P-type well 2 is defined. The 
P-type dopant diffusion region 4a and the source region 3c, 
set separated by an element isolation film 10, are both 
connected with a ground terminal 9 (GND) . The drain region 
3b is connected with an input terminal 7 . Under the source 
region 3c and the element isolation film 10, an N-type well 
la (with a phosphorus concentration of 10 17 /cm 3 or so) is 
formed. In the present example, the N-type well la, the N- 
tyP e well lb and the P-type well 2 all have a depth of 1 H m 
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F urther, the extension region of the N-channel MOSFET 
is formed to have an arsenic concentration of 1X10 19 cm" 3 . 

Meanwhile, in the region where the N-type well lb is 
formed, a P-channel MOSFET comprising a gate electrode 5, a 
source region 4c, a drain region 4b and an extension region 
H is formed. The N-ty P e well lb has a phosphorus 
concentration of IXlO^/cm' or so, as the N-type well la. 
in the periphery of the P-channel MOSFET formation area, an 
, N -type dopant diffusion region 3a is set (Fig. 1), and 
thereby the electric potential of the N-type well lb is 
defined. The N-type dopant diffusion region 3a and the 
source region 4c, set separated by an element isolation film 
10, are both connected with a supply terminal 8 (V DD ) . The 
5 drain region 4b is connected with an input terminal 7 . 

The gate electrodes 5 and 6 are formed over a silicon 
oxi de film on the substrate. The width of each gate 
electrode (gate length) is set to be 0.2 Mm. 

Further, for the purpose of lowering the parasitic 
,0 resistance and the like, silicide layers 13 made of cobalt 
silicide are formed over the surfaces of the source-drain 
regions and such, in every transistor. Formation of these 
silicide layers 13 is carried out by forming, first, a 

. „ the sputtering method and then applying a 
cobalt film using the spuweimy 

25 heat treatment thereto. 

Next, operations of the protection circuit section 
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with the above structure are described. When an external 
surge is applied to the input terminal 7, the surge flows 
down along either a path through the N-channel MOSFET and 
the ground terminal 9 or a path through the P-channel MOSFET 
and the supply terminal 8 so that the internal circuit may 
be protected. Since the N-t yP e well la is formed under the 
source region 3c in the present example, the electric 
potential of the base region of the NPN parasitic bipolar 
transistor (the P-type well 2 under the -gate electrode 6) 
becomes easily raised after the breakdown. Consequently, 
with the trigger voltage of Fig. 4 being lowered, the 
relationship V tl < V t2 is established. Under this 
condition, even if only some of the transistors are induced 
to make the snap-back operation first, the rest of the 
transistors are also induced to make the snap-back operation 
in the similar fashion, as the drain voltage, after the 
snap-back, increases from V s to V t2 , and, thus, a plurality 
of transistors all function alike, and, as a result, the 
ESD-proof is improved. In a semiconductor device of the 
present example, the trigger voltage V tl and the transistor 
failure voltage V t2 are approximately 6V and 9V, 
respectively. 

in the present example, as a high-resistance region of 
the drain section is not set, the response of the protection 
25 circuit is made faster and high-speed operations can be 

realized. In addition, the drain current of the transistor 
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is not lowered, and a sufficient driving current can be 
readily secured even in the output circuit. Further, since 
no additional resistance element is disposed between a gate 
and a contact, the spacing between gates can be narrowed and 
5 the width of the input/output protection circuit section or 
the distance between B-B' of Fig. 1 can be reduced a great 
deal. With the conventional technique shown in Fig. 11, if 
8 lines of the gates are provided, the required width of the 
input/output protection circuit section is approximately 50 
10 Mm. As against this, in the present example, for the. same 
number of gates , the width can be reduced down to 

approximately 25 /im. 
Com parat ive Example 1 

Fig. 8 shows a cross-sectional structure of a 
semiconductor device of the present Comparative Example. In 
this semiconductor device, under a control gate, ah N-type 
well lc is set and an internal terminal 7 is connected with 
an N-type diffusion region 3d. In this point, the present 
Comparative Example differs from the semiconductor device of 
20 Example 1, in which the input terminal 7 is connected with 

the drain region 3b and the input terminal 7 and the NMOSFET 
therein makes direct connection and not through a high- 
resistance region. Further, in this semiconductor device, 
no extension regions are provided to the source-drain 
regions, which is another point differing from Example 1. 
Except these differences, a semiconductor device was made in 
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the same way as Example 1. 

For the semiconductor device of the present 
Comparative Example, V tl and V t2 are approximately 8V and 
12V, respectively, and this value of V tl is higher than that 
of Example 1. It is considered that the inducing effect 
that N-type well la has on the operations of the parasitic 
bipolar transistor is weakened by the resistance component 
of the N-type well lc . Further, the width of the 
input/output protection circuit section remains 
approximately 50 „ m f or 8 lines of the gates and a 
reduction of the size of the protection circuit was by no 
means accomplished. 
Example 2 

Fig. 3 shows a cross-sectional structure of an input 
protection circuit section of the present example. This 
input protection circuit section is an example in which 
dopant high-concentration regions or so-called retrograde 
wells 15 and 16 are formed, at bottom sections of the N-type 
well lb and the P-type well 2 in the CMOS of Fig. 2, 
respectively. The formation of the retrograde wells is 
' performed by conducting ion implantation a plurality of 

times under different conditions of an injection energy and 
a dose but using the same mask. In the present example, a 
phosphorus concentration of 1X10 17 cm" 3 or so is employed 
for the N-type wells lb and la, and a boron concentration of 
1X10 17 cm' 3 or so, for the P-type well 2. Further, a 
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phosphorus concentration for the dopant high-concentration 
region 15 is set to be 2X10 17 cm" 3 or so and a boron 
concentration for the dopant high-concentration region 16, 2 

X10 17 cm" 3 or so. 

It is well known that setting a dopant high- 
concentration region can reduce the shunt resistance and 
improve the latch-up-proof but, in the conventional 
techniques, this also brings about a problem of lowering the 
ESD-proof. m contrast with this, because the N-type well 
la is set under the source region 3c in the present example, 
aft er the breakdown of the drain region 3b occurs in the N- 
channel MOSFET, a hole current starts flowing down along a 
current path through the silicon substrate 20 that has a 
high electric resistance. This facilitates the electric 
5 potential of the base region of the lateral parasitic 

bipolar transistor to increase and, at the same time, can 
reduce the trigger voltage V tl so that the ESD-proof is 
improved. Heanwhile, in the internal circuit region (not 
shown in the drawing), because the shunt resistance is made 
,0 smaller by the dopant high-concentration regions 15 and 16, 
the proof is a good deal improved against latch-u P that may 
occur between the input/output protection circuit section 
and the internal circuit region. In the semiconductor 
device of the present example, even an injection of a 
25 current of 500 mA or more into the input/output terminal did 
not bring about latch-up. 
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As described above, the semiconductor device of the 
present invention has, under a first diffusion layer that 
constitutes a transistor of a protection circuit section, a 
first conductive type well with a dopant concentration lower 
than that of the first diffusion layer so that it becomes 
easier to induce operations of a lateral parasitic bipolar 
transistor composed of source-drain regions and a channel 
layer of the afore-mentioned transistor. Consequently, a 
protection circuit having a high response speed and an 
excellent ESD-proof can be obtained. In addition, the 
semiconductor device of the present invention has a 
structure in which a second diffusion layer of the afore- 
mentioned transistor is connected with an input /output 
15 terminal section and, unlike the prior art, a high- 
resistance region is not set, the drain current of the 
transistor is not lowered, and a sufficient driving current 
can be readily secured even in the output circuit or the 
like. Further, the spacing of the gates in the protection 
circuit section can be narrowed and, thus, further 
miniaturization of the input/output protection circuit 

section can be made. 

Further, in case that the input/output protection 
circuit section comprises a complementary field effect 
transistor, a surge can flow down through a plurality of 
lines efficiently, which provides another advantage of 
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attaining further improvement of the ESD-proof . In this 
instance, by employing a structure in which a dopant high- 
concentration region is set beneath wells that constitutes 
the transistor, and the depth of the afore-mentioned first 
conductive type well is set deeper than the level at which 
the dopant high-concentration region is formed, a protection 
circuit section having a good ESD-proof, together with a 
good latch-up-proof, can be obtained. 

This application is based on Japanese patent 
application NO.HEI11-209407 , the content of which is 
incorporated hereinto by reference. 
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